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Staticlongitudinal
u flare-stabilizedbodyof

flaresurfaceas a pitch

By HermiloR. Gloria

SUMMARY

stabilityandcontrolcharacteristicsof a
revolutionemployinga movableportionofthe
controlweredeterminedatMachnumbersfromq.00

to 6.28,anglesof&ttackup to 111”,endcontroldeflectionsupto 40°;
Reynoldsnumbers(basedonbodylength)variedfrom.g.kmillionat
M= 3.00to1.8mi.llionatM= 6.28.me testconfigurationconsistedof
a fineness-ratio-5minimum-dragnose,a fineness-ratio-5cyUndricalmid-
section,anda conicaltailflare.Thestabilizingflareconsistedof a
frustumof a fineness-ratio-5coneextendingtwodiametersforwardofthe
baseandincreasingthebasediameterby a factorof @.

Thevariationofliftcoefficientwithpitching-momentcoefficient
forthebasicconfigurationwithcontrolunreflectedwasfoundtobe
essentiallylinear,andthestabilityto increasesk@lrKLywithincreas-
ingMachnumber.Controleffectivenesswasessentiallyindependentof
Machnumberat zeroangleofattackbutwasfoundto decreasewithincreas-
ingangleof attack.Thisdecreasewasduemostlyto theshadowingof
thecontrolfromthefreestreamby theforwardpartoftheconfiguration,
sincethecontrolsurfacewaslocatedentirelyontheleesideofthe
configuration.At thehighertestMachnumbers,additionallossesin
controleffectivenesswerenotedwhichwerecausedby boundary-layer
separationoverthecontrols.Theselosseswereassociated,inpart,
with

with
ness

?

u

lowtestReynoldsnumbersatthehighertestMachnumbers. -

Fora givencontroldeflection,trimlift
increasingMach
cudam increase

numberas a re&lt ofthe
in stabilityofthebasic

coefficientsdecreased
lossin controleffective-
configuration.Msximum
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trimlift-dragratios
30percentlowerthem
ration.

At zeroangleof
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between2 and2.5wereobtainedand
themaximumlift-dragratiosofthe

NACARMA~C20

A
wereabout
basiccoIlfigu-

.

attack,predictionswith@act theorywerefound
tobe ingoodagreementwith-experimentalresultsforincrementalforces
dueto controldeflection.At angleof attack,however,impacttheory
underestimatedcontroleffectivenessat low
effectivenessathighMachnumbers.

INTRODUCTION

Inthestudyofmissileconfigurations

M&h numbersandoverest&ted —

suitableforflightat@er-
sonlcspeeds,considerableattentionhasbeengivento thewinglessor
all-bodymissile(see,e.g.,refs.1,2, 3,and4.).Amongtheadvantages
attributedtotheseconfigurationsare(1)a lesssevereproblemofaero-
dynamicheatingbecauseoftheabsenceofthinplanarsurfaces;and

.

(2)aerodynamicforcecharacteristicswhichtendtobe independentof 9

Machnumber.Inreference1, a winglessconfigurationwasstudiedwhich
wasstabilizedby a conicalflareatthebasewithcontrolprovidedby
deflectablesectionsofthebodysurfaceforwardofthestabilizingflare. “
Whiletheaerodynamiccharacteristicsofthisconfigurationcompared
favorablywiththoseofa configurationemployingplanarsurfacesfor
stabilityandcontrol,thewinglessmissiletesteddiddisplaycertain
undesirableproperties.Amongthesearerelativelylowaerodynamiceffi-
ciency(i.e.,lift-dragratio)sndreducedcontroleffectivenessatlow
controldeflectiondueto control-flareinterference.Suggestionsgiven
inreference1 forremedyingthesedifficultieswerethata moreslender
noseandstabilizingflarebe employedtoreducedragandincreaselift-
dragratio;to improvecontroleffectiveness,itwas.suggestedthatthe
controlsurfacesbe incorporatedaspartofthestabilizingflare.A
configurationembodyingthesesuggestionsisthesubJectofthepresent
report.

Forceandmomentcharacteristicsaswellas controlforcesare
obtainedforvariousflapdeflectionsatMachnumbersfrom3.00to6.28.
Experimentallydeterminedforcesarecomparedwithpredictionsoftheory.

NOTATION

A cross-sectional

AC control-surface

areaof cylindricalmid-body,sqin.

planarea,sqin.

%
dragdragcoefficient,—qA

commmw
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controlhinge-momentcoefficientatiut
hingemoment

q& Zf

W?t coefficient,*

pitching-momentcoefficientabout0.472,

normal-forcecoefficient,normalforceqA

controlnormal-forcecoefficient(normal
controlnormalforce

@%

diameterof cylindricalmid-body,in.

bodylength,in.

controlsurfacelength,in.

free-streamMachnumber

free-streamdynsmicpressure

angleof attack,deg

controlleadingedge,

pitchingmoment
qAZ

to controlsurface),

controldeflectionangle,measuredframflaresurface,deg

APPARATUSANDTESTS

TestswereconductedintheAmes10-by 14-inchsupersonicwtid
tunnel,whichisdescribedindetailinreference7. Aerodynamicforces
andmomentsactingonthetestmodelweremeasuredby strain-gagebal-
snces.Themodelwassupportedfromtherearby a stingthatwasshrmded
towithin0.040inchofthemodelbase,therebyeliminating,foralJ_prac-
ticalpurposes,aerodynamicloadsonthesupports.Basepressureswere
measuredinalltestsad theresultantbaseforces(referredto free-
streamstaticpressure)weresubtractedfromthemeasuredaxialforces.

Principaldimensionsofthetestmodelareshowninfigure1. The
bodyoftheconfigurationconsistsofthreesections.Thenosesection
isa minimun-dragbodyforgivenlengthandvolumehwing a fineness
ratioof 5 (ref.6). Coordinatesofthenosesectionaregivenin
tableI. Themiddlesectionis cylindricalandalsohasa finenessratio

commmm
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of 5. Theflaredtailsectionisa frustumofa fineness-ratio-5cone,
r—

twocylinderdiameterslong,thatincreasesthemid-bodydiemeterby 1.41.
Thecontrolsurfaceisa portionofthetopoftheflaresurface,0.71 .
cylinderdismeterswide,andit extendsthefulllengthofthetailflare.
It isdeflectedabovetheflaresurfacefroma hingelinelocatedatthe
cylinder-flarejuncture.

TestswereconductedatMachnumbersof 3.oO,4.24,5.o5,and6.28,
anglesofattackup to IJ3°,andcontroldeflectionsup to ~“ abovethe
flaresurface.Thefree-stremReynoldsnumbersbasedonbodylength

—

areasfollows:

Reynoldsnumber,
M millions

G 9.36
4.24 8.64
5.05 4.2o
6.28 1.80 ‘

,.

Variationsinfree-stresmMachnumberdidnotexceed*0.02atMach
.

numbersfrom3.oOto 5.05and*0.04at M = 6.28. Deviationsin free-
streamReynoldsmuuberdidnotexceed&JO>OCTOfromthevaluesgivenpre- “

viously.Theestimatederrorinangleofattackandcontroldeflection
didnot-exceedK).2°.

Precisionof theexperimentalresultsisaffectedby uncertainties
inmeasuredforces,moments,andbasepressuresaswellas inthedeter-

—

minationof free-streamdynsmicpressureandangleofattack.These
uncertaintiesresultedinmaximumpossibleerrorsintheaerodynamic
forceandmomentcoefficientsas showninthefollowingtable:

RESULTSANDDISCUSSION

Experimentalresultsofthepresentinvestigationaregivenin
table11forthecompleterangeoftestvariables.Portionsofthese
dataarealsopresentedingraphicalforminfigures2 through6.

C!omENTw
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Control-EodyCombinationCharacteristics

Thevariationsof liftcoefficientwithsngleofattack,drag
coefficient,andpitching-momentcoefficientarepresentedinfigure2
forcontroldeflectionsof 0°,20°,and40°andforallfourtestMach
numbers.Forthebasicconfiguration(5= 00),thevariationof lift
coefficientwiths@le of attackis seentobe relativelyindependentof
Machnuniber.Similarly,thestabil.i@chsxacteristicsofthebasiccon-
figuration,asdemonstratedby thevariatio~of liftcoefficientwith
pitching-momentcoefficient,showonlya smallchangewithMachnumber.
Forexample,theaerodynamiccentermovesonlyslight~rearwardfrom
51percentofthebodylengthaftofthenoseat M = 3.00to 54percent
atM= 6.28. Inaddition,thestabilitycharacteristicsof thebasic
configurationareessentiallylinear.Whenthecontrolisdeflected,
however,thestabilitycharacteristicsbecomemorenonlinearandthere
isa greatervariationin aerodynamiccharacteristicswithMachnumber,
indicatingchangesin controleffectiveness.

ControlEffectiveness

Thevariationsof lift,pitching-moment,anddragcoefficientswith
controldeflectionsarepresentedinfigure3 foralltestMachnumbers
andforseveralanglesofattack.At zeroangleofattack,theeffect
ofthebodyflapcontrolon ~, ~, and@ ismaintainedthroughout
thetestrangeof controldeflections.Atthisangleofattack,the
controldoesnotshowthemarkeddecreasein effectivenesswithincreas-
ingMachnwber thatis socharacteristicofplanarcontrols;infact,a
smallincreasein effectivenessis indicatedatthelargercontroldeflec-
tions.Whentheconfigurationis inclhed,however,thereisa lossin
controleffectiveness,particularlyatthesmsllercontroldeflections.
Thislossismorepronouncedbothathigheranglesof attackandathigher
Machnumbers.At M = 6.28anda= 17, forexsmple,thecontrolisvir-
tuallyineffectivethroughoutthetestrangeof controldeflections.
Partofthelossin controleffectivenesswithangleofattackis
undauntedlyduetothefactthatthecontrolisshadowedfromthefree
streamby theforwardpartoftheconfiguration,sincethecontrolis
locatedonthetopsurfaceof theflare.Thus,thecontroloperatesin
thewakeofthebodyor at leastina regionofreduceddynamicpressure.=

1Asimplemethodforincreasingtheattractivenessof thebody-flap
controlat angleofattackwouldinvolvetheuseof a flaponthelower
surfaceofthestabilizingflarecoupledto theupperflapsoasto
retractintotheflareastheupperccmtrolisextended.Sucha system
wouldtendto reducecontrolhingemomentsaswellas increaseeffective-
nessby reducingthestabilizinginfluenceoftheflare.Thismethodwas
suggestedinreference1 anda similarconfigurationwasinvestigatedin
reference7. Thepresentconfigurationdidnotinvolvetheuseof coupled

-1 flapsbecausesfthelimitinlowercontroltravelimposedby thesmall
flaresz@e.

. CONFIDENTIAL
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Whilethiseffectwouldtendto increasewithMachnumber,itisnotthe
onlyfactorthatwouldtendto reducecontroleffectivenessatthehigher
testMachnumbers.An additionallossisattributedto boundary-layer
separationaheadofthecontroldue,inpart,tothelowertestReynolds
numbersatthehighertestMachnumbers.For.abetterunderstandingof
thisphenomenon,a visualstudywasmadeoftheflow in theregionofthe
controlsurface.

Flow-VisualizationStudies

*

.

Sparkshadowgraphsoftheflowintheregionofthecontrolsurface
arepresentedinfigure4 forcontroldeflectionsof20°and40°,angles
ofattackof0°,~, andlk”,andMachnumbersof 4.24and5.05.The
photographsfor M = 4.24(figs.4(a),(b),and(c))aresimilartothose
obtainedfor M = 3.00andtheyshowflowintheregionofthecontrol
thatistypicaloftheflowthatoccurswhenthereislittleorno
boundary-layerseparation.Inthesecases,thebodyboundarylayeris
turbulentaheadofthebody-controljunctureanditpassesthroughthe
shockwaveproducedby thecontrolwithoutappreciableseparation.In
contrast,at M = 5.05(figs.k(d),(e),and(f))wherethetestReynolds
numberislower,theboundarylayerislaminarhead ofthebody-control
junctureandextensiveregionsofseparationoccur.At anglesofattack
of70and14°,forexample,theseparatedregiontendsto envelopea
largeportionofthecontrolsurface.Similarphotographsfor M . 6.28,
wherethetestReynoldsnumberis stilllower,showedregionsof separa-
tionwhichwereevenmoreextensivethanthosefoundat M = 5.05.It
isapparentthatiftheflowoverthecontrolisseparated,thenthe
effectivenessofthecontrolwillbe markedlyreduced.Thusthephoto-
graphsshowninfigure4 tendto eqd-aintheaddedlossin control
effectivenessathighMachnumbersmentionedintheprevioussection.
It shouldbenoted,however,thattheextentofflowseparationis
stronglydependentonthelocationoftransitionandthusontheReynolds
number(seeref.8). AthighertestReynoldsnumbers,theregionof
separatedflowwouldundoubtedlybe smald.er,tit itwouldnotbe expected
todisappear.Inanyevent,it isevidentthatboundary-layerseparation
canhavelargeeffectsonthestabilityud controlcharacteristicsof
configurationswhichemployflaresforstabilityanddeflectablebody
seggnentsforcontrol.Inthisconnection,it shouldbe notedthatpart
oftherearwardmovementofaerodynamiccenteratthehigherMachnumbers
mentionedpreviouslycanalsobe associatedwiththeeffectsof separation
aheadofthestabilizingflare(seeref.9).

ControlForcesandMoments

T!hevariationof controlncmmal-forceandhinge-momentcoefficients
withcontroldeflectionarepresentedinfigures5 and6. Ingeneral,

J

.

r
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thesedatacorroboratethecontrol-effectivenessresults.Forexample,
thevariationsof controlnormal-forceandhinge-momentcoefficientswith
controldeflectionat m = 0°arerelativelyindependentofMachnumber.
Inaddition,athigheranglesof attackandatthehigherkch numbers,
thereductioninforcesad momentsexperiencedby thecontrolis clearly
evident.It shouldalsobe noted,however,thatsincethecontrolhas
no aerodynamicbalance,thehinge-momentcoefficientsarerelatively
large,at leastwhenthecontroliseffective.Theselargehingemoments
maynotnecessarilybe asbiga disadvantageas fora wingtrailing-edge
control,however,sincethemechanicalproblemsassociatedwithactuating
thecontrolwillbe reducedas a resultofthelocationofthecontrol.

TrimCharacteristics

Fromtheresultspresentedpreviously,theaerodynamiccharacter-
isticsofthecontrol-bodycombinationintrimmedflighthavebeendeter-
mined.~ thedet.erminationofthesecharacteristics,thecenterof
gravitywasasswnedtobe locatedat47percentofthebodylengthaft
ofthenose. Withthislocation,thestaticmarginvariesfroml/8body
dismeterat M = 3.00to 1/2tidydiameterat M = 6.28.Fortheselected
center-of-gravitylocation,theaerodynamiccharacteristicsofthetrimned
configurationareshownasa functionofMachnumberforseveralcontrol
deflectionsinfigure7. Oneofthemostpronouncedtrendsevidentin
thisfigureisthedecreasewithincreasingMachnunlberintrimMft
coefficientand@e ofattackthatcanbe obtainedwitha givencon-
troldeflection.Forexample,witha controldeflectionof 40°,the
trimlAftcoefficientandangleof attackdecreasefromabout2.5and22°,
respectively,at M = 3.00to about1.0andH_”,respectively,at
M= 6.28. (Notethatthetrimpointat M . 3.00wasbeyondthersmge
of experimentalresults-d wasestimatedby extrapolationofthedata
tohigheranglesofattack.)A largepartofthisreductionis,of
course,associatedwiththelossin controleffectivenesspreviously
discussed;however,theincreasein stabilitywithMachnumberisalso
a factor.Trimlift-dragratiosareshownasa functionofMachnumber
forvariouscontroldeflectionsin figure8. It isnotedthatthehighest
ratios,between2 end2.5,areobtainedwith10°controldeflection.
Thesevaluesareabout30percentlowertha themaximumlift-dragratios
oftheuntrimnedbasicconfiguration.

ComparisonsWithTheoreticalPredictions

Theincrementalliftanddragcoefficientsdueto controldeflection,
~.an~)~, havebeenestimatedwiththeaidof tmpacttheory(see,e.g.,

. Theseestimatesarecomparedwithexperimentalresultsfor
severalanglesof attackat M . 3.00andM = 6.28infigure9. m

CONTIDINTIAL
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applicationofthetheory,theshadowingeffectoftheforebodyonthe
controlwasconsideredby assumingzeroyressmecoefficientonK@rtions
ofthecontrolshieldedfromtheairstreamby theprojectionofthe
forebodyatsingleofattack.At zeroangleofattack,thepredictions
of impacttheoryareingoodagreementwithegerimentalresults.At
M . 3.00,thecontrolismoreeffectiveatangleofattackthanisindi-
catedbytheory.ItappearsthatatthisMachnumber,theforebodydoes
notshadowthecontroltoanyappreciableextent.At M=6.28, the
controlislesseffectiveataxgleofattackthanpredictedtheoretically.
WhiletheshadowingeffectuudoubtedZyincreaseswithMachnumber,much
ofthediscrepancyisassociatedwiththeeffectsoflxn?ndary-layer
separationwhichwerenotconsideredinthetheory.

.

—

SUMMARYal?REWLTS

Staticlongitudinalstabilityandcontrolcharacteristicsofa
flare-stabilizedbodyofrevolutionemployinga portionoftheflare
surfaceasa pitchcontrolhavebeendetezmine-datMachnumbersfrom2*W 7-to6.28,tiglesof attackup to 18°,sndcontroldeflectionsupto @ .
Reynoldsnumbers(basedonbodylength)variedfrom9.4millionat
M= 3.00to1.8millionat M

.—
= 6.28.Theresultsofthisinvestigation

areasfollows:
.

1. Forthebasicconfigurationwithcontrolunreflected,thevaria-
tionofliftcoefficientwithpitching-momentcoefficientisessentially
linearandstabilityincreasesslightlywithincreasingMachnumber.

2. At zeroangleofattack,controleffectivenessis-maintained
throughoutthetestrangeof controldeflectionsandit isessentially
independentofMachnumber.Whentheconfigurationis inclined,control
effectivenessisdecreased.Partof thelossineffectivenessisdueto
shadowingofthecontrolfromthefreestreamby thebodyoftheconfig--
uration.Additionallossesincontroleffectivenessoccuratthehigher
testMachnumbersasa resultof separationof.theboundarylayerahead
ofthecontrol.ThisseparationisassociatedwiththelowtestReynolds
numbersatthehighertestMachnumbers.

3. Fora givericontroldeflection,trimliftcoefficientsdecrease
withincreasingMachnumberbecauseoflossesin controleffectiveness
andbecauseofan increaseinthestabilityof thebasicconfiguration.
Trimlift-dragratios-between2 and2.5ctibe-”-obtainedwiththetest
configuration.Thesevaluesareabout30percentlowerthantheratios
fortheuntrimmedbasicconfiguration.

4. Incrementalforcesdueto controldeflection
at zeroangleof attackby theuseof impacttheory.

coNFrDmIJ’sL-

can be estimated
Atangleofattack,

.-

—

“
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k

however,@act theorytendstounderesttaatecontroleffectivenessat
lowMachnumbersandoverestimatescontroleffectivenessathighMach
numbers.

AmesAeronauticalLaboratory
NationalAdvisoryComitteeforAeronautics

MoffettField,Calif.,Mar.20,195/3
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4
TABLEI.-COORDINATESOFNOSESECTION

Longitudinalstation,
XY
in.

o
..J.
.2
●3
.4
.6
.8

1.20
1.60
2.00
2.4o
2.80
3.20
3.60
4.00
4.40
4.8o
5.00

Radius,
Y)
in.

0,0021
.0352
.0562
.0749
.0930
.1262
.1565
.2108
.2595
.3030
●3531
.3789
.4SL4
.4402
.4642
.4831
.4961
,=y300

.
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